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SOD2 DEFICIENCY IN CHONDROCYTES ACCELERATES AGE-RELATED
OSTEOARTHRITIS IN MICE
M. Koike y,z, H. Nojiri z, Y. Ozawa y, K. Watanabe y, I. Masuda y,
Y. Muramatsu x, H. Kaneko z, D. Morikawa z, K. Kobayashi y,z, Y. Saita z,
T. Sasho x, T. Shirasawa k, K. Yokote{, K. Kaneko z, T. Shimizu y. yDept. of
Advanced Aging Med., Chiba Univ. Graduate Sch. of Med., Chiba, Japan;
zDept. of Orthopedics, Juntendo Univ. Graduate Sch. of Med., Tokyo,
Japan; xDept. of Orthopedics, Chiba Univ. Graduate Sch. of Med., Chiba,
Japan; kDept. of Aging Control Med., Juntendo Univ. Graduate Sch. of
Med., Tokyo, Japan; {Dept. of Clinical Cell Biology and Med., Chiba Univ.
Graduate Sch. of Med., Chiba, Japan
Purpose: Superoxide dismutase 2 (SOD2) is localized in mitochondrial
matrix to regulate mitochondrial superoxide. SOD2 expression is sig-
niﬁcantly down-regulated in the articular cartilage of osteoarthritis
(OA) patients. However, pathophysiological role of SOD2 in chon-
drocytes has not been fully elucidated yet. To investigate the protective
role of Sod2 in chondrocytes in vivo, we generated chondrocyte-speciﬁc
Sod2-deﬁcient (Sod2-cKO) mice. In the present study, we investigated
cartilage pathologies under mechanical stress and aging conditions and
cellular phenotypes as well as OA-related gene expression. The aim of
this study is to conclude whether SOD2 loss in chondrocytes enhances
OA progression.
Methods: Chondrocyte-speciﬁc Sod2 cKO mice were newly generated
using a Cre-loxP system (Col2a1-Cre;Sod2ﬂ/ﬂ). Destabilization of medial
meniscus (DMM) was created by surgical transection of the medial
meniscotibial ligament under a microscope in knee joints of cKO and
Sod2ﬂ/ﬂ mice at eight weeks of age. Furthermore, we analyzed knee
joints of cKO and Sod2ﬂ/ﬂ at 12 months of age as an age-associated OA
model. OA pathologies of knee joints were histologically evaluated
using the OARSI histopathology grade at eight weeks after DMM sur-
gery and at 12 months of age without surgery. To quantify oxidative
damages in chondrocytes in vivo, superoxide production in articular
chondrocytes isolated from adult cartilage was measured with dihy-
droethidium using a ﬂow cytometry. Furthermore, to clarify the bio-
logical consequence of Sod2 deﬁciency in chondrocytes in vitro, cellular
phenotypes were evaluated in primary articular chondrocytes isolated
from knee joint of neonate cKO and Sod2ﬂ/ﬂ littermates. Using a ﬂow
cytometry, mitochondrial membrane potential was measured with JC-1
staining. In addition, gene expression of anabolic and catabolic genes
was also analyzed by qRT-PCR and proteoglycan levels were quantiﬁed
with alcian blue staining.
Results:We detected increasedmitochondrial superoxide generation in
articular chondrocytes of adult Sod2 cKO mice compared with the
Sod2ﬂ/ﬂ littermates. Although Sod2 cKO mice showed no obvious
skeletal abnormalities, Sod2 loss exacerbated cartilage degeneration in
knee joints at eight weeks after DMM surgery. Notably, Sod2 loss
spontaneously accelerated OA pathologies in the mutant mice at 12
months of age. In vitro experiments conﬁrmed that SOD2 insufﬁciency
impaired mitochondrial membrane potential associated with increased
mitochondrial superoxide generation. Gene expression analyses also
revealed that anabolic genes, including Col2a1 and Acan, were sig-
niﬁcantly down-regulated, while catabolic genes, includingMmp13 and
Adamts5, were signiﬁcantly up-regulated. Finally, alcian blue staining1063-4584/$ – see front matterrevealed a signiﬁcant decrease of proteoglycan in Sod2-deﬁcient
chondrocytes.
Conclusions: Sod2 deﬁciency caused mitochondrial superoxide over-
production and dysfunction resulted in cartilage degeneration via
impaired proteoglycan homeostasis under mechanical stress and aging
conditions. Our ﬁndings revealed that SOD2 plays a protective role in
OA development and progression in aging.
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ACUTE AND SUSTAINED MOLECULAR CHANGES IN SYNOVIAL FLUID
FOLLOWING ACUTE KNEE INJURY MIRROR THE MURINE JOINT
INJURY RESPONSE.
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Purpose: Acute joint injury predisposes to OA, and is an ideal setting in
which to study early disease pathogenesis. We have shown that an
immediate inﬂammatory response occurs in connective tissues after
injury, and a discrete group of mRNAs is up-regulated within hours of
medial meniscal destabilisation (DMM) of the mouse joint. Some of this
molecular response appears necessary for subsequent OA. We inves-
tigated a) whether these same molecules were up-regulated in the
joint, and in the blood in the analogous human setting of acute knee
injury, and b) how this molecular response varies, between individuals
and over time.
Methods: KICK (the Knee Injury Cohort at the Kennedy) has recruited
young (aged 16-50) active individuals with a recent (within 8 weeks)
history of acute structural knee injury and associated effusion. Those
with existing OA, other inﬂammatory co-morbidities, or recent surgery
or other traumawere excluded. In planned validationwork, 7 candidate
molecules (selected as up-regulated followingmurine DMM and known
to be secreted) were measured in the ﬁrst 50 participants where both
blood and synovial ﬂuid samples were available at baseline. Control
synovial ﬂuid (from healthy joints at amputation) and blood (healthy
age- and sex-matched volunteers) were compared. Serum or plasma
(depending on assay) and synovial ﬂuid were analysed by validated
plate ELISA or Mesoscale Deliveryplatform. Clinical data were stored
in a secure online database (SCTR, HSS, USA). Analysis was carried out
using Excel and Graphpad prism. Statistical testing was by Mann
Whitney U test or ANOVA, with Dunnett’s correction; P<0.05 was
considered signiﬁcant. Spearman R correlation coefﬁcient for plasma/
serum and synovial ﬂuid pairs was calculated.
Results: 5/7 of the molecules from the murine studies were also sig-
niﬁcantly elevated in human synovial ﬂuid immediately after joint
injury. These were IL-6, MCP-1, MMP-3, TIMP-1 and TSG-6. IL-1b was
below the limit of detection for the assay used. SAA-1 was found in far
greater amounts in blood than synovial ﬂuid, reﬂecting the difference
between the murine tissue SAA-3, and the serum acute phase human
protein SAA-1. MMP-3 was markedly (between 10 and 100 fold) ele-
vated in all KICK synovial ﬂuid samples; other molecules were differ-
entially raised in many, but not all individuals. A signiﬁcant negative
relationship existed for most, but not all molecules with the time from
injury to sampling (MMP-3 showed no such association). In contrast,
none of the analytes were signiﬁcantly higher in KICK blood than
